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Research  Objectives  and  Motivation  /  Statement  of  Problem  Studied 


The  ability  to  predict  the  future  would  be  an  invaluable  asset  in  many  areas  of 
human  activity  (e.g.  investing  in  the  stock  market).  Not  surprisingly,  the  ability  to  predict 
the  future  would  also  greatly  simplify  management  tasks  for  large  computer  systems  and 
communication  networks,  where  the  inputs  change  in  a  dynamic  fashion,  and  control 
decisions  are  made  in  an  online  manner.  Examples  of  such  management  tasks  include 
classical  problems  such  as  caching  in  a  distributed  system,  routing  in  large  networks,  and 
resource  allocation.  Unfortunately,  in  reality  knowledge  of  the  future  is  often  unavailable, 
which  poses  serious  obstacles  to  efficiently  utilizing  system  resources. 

The  issue  of  uncertainty-tolerant  computing  has  been  largely  ignored  by  algorithm 
designers,  who  focused  on  developing  elegant  mathematical  structures  for  solving 
traditional  combinatorial  problems.  Our  goal  is  to  build  new  algorithmic  primitives  for 
handling  issues  of  uncertainty.  The  comprehensive  algorithmic  theory  of  decision-making 
in  the  presence  of  uncertainty  may  be  applicable  in  domains  outside  of  computer  science, 
including  control  systems,  economics,  manufacturing,  etc. 

Technical  Approach  Taken  in  this  Project 

Our  general  algorithm  design  philosophy  can  be  characterized  as  '‘competitive 
algorithmic  design'”,  namely,  we  are  pursuing  algorithms  that  are  ''uniformly-efficient" 
on  all  inputs,  not  just  on  some' 'benchmarks"  or  "typical  cases".  In  order  to  quantitatively 
reason  about  performance  of  online  distributed  strategies,  we  will  be  comparing  their 
performance,  on  each  input,  against  optimal  prescient  strategies,  that  know 


the  whole  input  ahead  of  time,  pay  no  overhead  for  control,  and  have  unbounded 
computational  power.  The  competitive  ratio  of  our  strategy  is  the  worst-case  performance 
ratio  over  all  possible  input  sequences. 

•'Competitive'”  algorithms  complement  algorithms  based  on  experimentally- 
verified  heuristics.  Specifically,  they  can  be  combined  with  heuristics  to  yield  solutions 
efficient  both  in  the  ^‘typical”  and  ’Hvorst”  cases.  Finally,  our  approach  is  rigorous  in 
nature.  Analysis  is  developed  that  provides  mathematical  proofs  for  any  claims  of 
algorithmic  performance. 

Specific  Accomplishments  /  Summary  of  Most  Important  Results 


In  the  framework  of  our  research  effort,  we  have  designed  a  number  of 
competitive  algorithms  and  rigorously  proved  their  properties. 

These  include,  among  others  solutions  for  the  following  problems: 

1)  Multicast  admission  control 

2)  Virtual  circuit  routing 

3)  Packet  routing 

4)  Optimal  switching  policy  at  a  router 

5)  Paging  in  networks  with  arbitrary  topology 

6)  Packet  scheduling 

7)  Minimum  cost  network  design 

8)  Robot  navigation  and  exploration  of  unknown  terrain 
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